In this paper the authors review spine trauma and spinal cord injury (SCI) in the geriatric population. The information in this study was compiled through a literature review of clinical presentation and management of SCI in the elderly population. This was done to define, identify, and specify treatment algorithms and management strategies in this unique patient population. 
T raumaTic injuries to the spinal column and/or spinal cord can result in significant morbidity, disability, and even death. 12 A common misconception is that these injuries occur in isolation and only to adolescents and young adults. However, epidemiological studies on populations with SCIs report a bimodal distribution. 19 The first peak occurs as expected in young adults and adolescents; however, the second peak occurs to the elderly population.
Geriatric patients are not clearly defined in the spine literature. For this manuscript, the term will be defined as individuals > 65 years of age. In North America, this population is particularly important in health care because it is expected to double over the next 30 years, from 34 million in 1999 to 69 million in 2030. 22 In fact, this "baby boomer population" had the largest percentage increase of any age group from 1990 to 2000. In this age group the leading cause of unexpected death is traumatic injuries and their associated complications, often as a result of injury to the spinal cord. 25 The number of fall-induced injuries has increased as the general population has aged over the last decade. Sensory mechanisms instrumental in ambulation such as vision, vestibular system function, lower-extremity proprioception, and an upright posture are greatly diminished as patients age. 24 Furthermore, chronic conditions encountered in the elderly present additional risk factors, such as osteoarthritis of the joints that results in decreased mobility, an inability to maneuver, and lessened postural stability. Neuromuscular and neurological disorders, such as Parkinson disease and diabetes, are associated with rigidity, slowed movement initiation, cognitive impairment, and decreased proprioception. In addition, elderly patients are typically on numerous medications that can impair sensation, coordination, and result in postural hypotension, all of which places patients at risk for falls and subsequent spinal injury. Therefore, the management of SCI in the geriatric population has to be undertaken with an understanding of these patients' unique pathophysiological characteristics and concerns for their age-related comorbidities. Geriatric patients are vulnerable to traumatic SCI as a result of a number of factors, including the following: 1) osteoporosis, osteopenia, and natural changes in bone quality that occur with aging; 2) increasing prevalence of developmental cervical spinal stenosis due to spondylosis; 3) increased propensity for traumatic, related injuries (that is, falls) due to loss of sensory mechanisms and medication effects; and 4) a higher rate of motor vehicle collisions per mile driven.
Treatment of elderly patients with vertebral injuries and SCIs must be undertaken with an understanding of the unique pathophysiological characteristics, age-related disorders, and subsequent comorbidities that affect this patient population. Due to their limited physiological reserves and the existence of medical comorbidities, it is believed that geriatric patients have an increased risk of morbidity and death from SCIs.
Incidence and Mechanism of Injury
In 1981, Bracken et al. 3 noted that traumatic spinal cord lesions are more common in younger patient populations, and these investigators reported that only 20% of all SCIs occurred in persons ≥ 65 years of age. In < 25 years since that original publication, the frequency of traumatic SCIs appeared to have progressed significantly, particularly among elderly people.
14 This increase appears to be the result of a significant growth in the total number of the aging population, in addition to the propensity of older patients to sustain SCIs with relatively minor trauma. 10 Kannus et al. 16 reported that the total number of low-impact, fall-induced fractures with associated SCIs increased considerably from 1970 to 1995. In their study they reported an increase from 60 to 419 patients and a mean increase of 24% annually. In particular, this demographic shift was particularly skewed toward elderly men. 23 The high incidence of related injuries in men may be due to the relationship of cervical spondylosis and SCI, and to men's increased propensity compared with women (2:1 male predominance) to develop this disorder. 11, 13 Unlike SCIs in adolescents, which are related to high-velocity mechanisms, in patients > 45 years of age the most common mechanism is a fall, which has been reported to account for as much as 77% of the cases. 14 In the geriatric population, falls from heights < 1 m can result in severe SCIs. The elderly population has a predisposition to baseline spinal canal stenosis, and the resultant spinal cord compression from underlying degenerative cervical spondylosis, typically with concurrent osteopenia or osteoporosis. Motor vehicle collisions, although less common in the elderly population, remain the second most common mechanism of injury. Although the influence of alcohol or drugs is perceived to be limited to younger patients, Weingarden and Graham 30 illustrated that 53% of patients with SCI who were > 50 years of age were under the influence of alcohol prior to falling.
Pathophysiological Features of Geriatric SCI
Unfortunately, as a consequence of aging and spondylotic changes in the spinal column, geriatric patients are predisposed to traumatic SCI from even minor falls. Disc space collapse, osteophyte development, and ligamentum flavum buckling create degenerative spondylosis of the cervical spine. The consequences of these degenerative changes can result in stenosis of the canal, with resultant spinal cord compression. Teresi et al. 31 reported a 26% incidence of cervical stenosis in patients > 65 years of age based on MR imaging studies of asymptomatic individuals. In patients with advanced stenosis in whom there is loss of the cerebrospinal fluid cushion around the spinal cord, minor trauma can produce SCI without fractures or ligamentous injuries. Based on radiological criteria, 90% of men > 50 years and 90% of women > 60 years of age have evidence of degenerative changes in the cervical spine. 32 In addition, as the spinal column becomes more spondylotic it develops increased rigidity due to loss of ROM, particularly between the C4-5 and C5-6 levels.
9 These degenerative changes result in the creation of a rigid lever arm, so that application of an external force on the spinal column (that is, trauma) concentrates the forces on a finite region, resulting in a fracture and SCI. The spine, being rigid, does not have the flexibility to accommodate such external forces, often resulting in a fracture or fracture and dislocation. These fracture risks are further increased due to the diminished vertebral bone quality secondary to osteoporosis from advanced age.
Advanced spondylotic degenerative disease of the cervical spine can create spinal canal stenosis, with resultant spinal cord compression. This spinal cord compression may be manifested clinically as a myelopathy, with impairment of the patient's gait, coordination, bowel or bladder function, and motor and/or sensory function. These neurological deficits predispose the affected geriatric patients to an even higher risk for falls and SCIs.
Schneider et al. 27 first described the clinical spinal cord incomplete syndrome, which they referred to as a CCS, as motor loss where the hands are more affected than the legs. These authors noted that this resulted from a hyperextension injury, typically from a fall and trauma to the head resulting in an acute spinal cord. Therefore, the presence of spinal stenosis with cervical spondylotic myelopathy in the geriatric population makes otherwise inconsequential falls more likely to be injurious to the spinal cord. Central cord injuries tend to be incomplete SCIs (American Spinal Injury Association Grades C and D), with preservation of neurological function below the lesion or area of injury.
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Classification and Management
Geriatric patients with vertebral injuries and SCIs differ from younger individuals in that they are more likely to sustain incomplete neurological injuries as opposed to complete injuries. Harrop et al. 15 and DeVivo et al. 7 have further demonstrated that geriatric patients are more likely to have less severe SCIs than their younger counterparts due to less severe mechanisms of injury. Three specific clinical syndromes or fracture types of the vertebrae and SCI appear to account for the majority of cases involving the geriatric population. These are as follows: 1) central cord injuries; 2) cervical extension/distraction injuries ("open book" fractures); and 3) odontoid fractures. Each injury type presents several unique management issues due to the potential for certain morbidities in the geriatric population. 
Cervical CCS
Acute traumatic CCS due to cervical spondylosis is the most common incomplete SCI, and it is considered to be a disorder primarily limited to the elderly population. Central cord injury, as originally described by Schneider et al., 27 is a clinical description based on the scenario of a hyperextension trauma and weakness disproportionately greater in the arms than in the legs. In patients > 50 years of age, the majority (76%) of CCS cases are the result of hyperextension injuries in the setting of a spondylotic canal, without a bone fracture. 30 Because initial radiographs typically do not illustrate fractures or acute pathological injuries, and the mechanism of injury is easily overlooked, these patients may not be accurately diagnosed and treated on initial evaluation. 26 The rare patient who does display a fracture, dislocation, or evidence of cervical instability should be treated acutely with immobilization followed possibly by surgical decompression and internal fixation.
Treatment of elderly patients is aimed at weighing the risks of surgical intervention against the anticipated potential benefits as well as considering the risks and benefits of external immobilization. Although most patients with a CCS will achieve some degree of symptomatic improvement with medical or conservative therapy, surgical decompression may potentially maximize recovery and prevent future or repeated cervical SCI. There is some controversy over the optimal timing of surgical decompression in these individuals. However, it appears that prolonged spinal cord compression may result in further deterioration of neurological function and may potentially limit overall recovery.
Brodkey et al. 4 illustrated that with surgical decompression there is potential for improving neurological function, even if the neurological dysfunction has been present for a prolonged period, such as several years. As described in Hagen et al., 14 Guest and colleagues showed that early surgery is safe and is more cost effective than late surgery for the treatment of traumatic CCS (based on intensive care unit stay, length of stay, and improved overall motor recovery) in patients whose CCS was related to acute disc herniation or fracture. In patients with spinal stenosis or spondylosis, early surgery was safe but did not improve motor outcome compared with late surgery. Surgeons may opt to treat patients without cervical instability, fracture, or dislocation with a posterior cervical decompression procedure such as laminectomy or laminoplasty. However, a simultaneous fusion may prevent further traumatic injury to the spinal cord from dynamic injury. In addition, due to the overall spondylosis and rigidity of the elderly cervical spine, only a minimal degree of loss of ROM is noted by the patients. Regardless of the treatment scheme, patients > 45 years of age have less recovery of neurological function than younger patients. This may reflect the effect of chronic preexisting spinal stenosis, neuronal compression, and axonal loss in elderly patients as well as the younger patients' ability to have a degree of neuron regeneration (Fig. 1) .
Cervical Extension/Distraction Injuries
Cervical extension/distraction injury is another condition that tends to affect the elderly population. With increasing age, the spinal column stiffens due to disc space collapse and osteophyte formation as a consequence of degenerative spondylosis, resulting in reduced cervical ROM. In an elderly patient with a hyperextensive cervical injury or abrasions on the face or forehead, the physician should have a high index of suspicion for an extension/ distraction injury. Patients may report that their head can touch the pillow of the bed, which typically they were unable to do prior to the trauma. This fracture results in opening or lengthening of the anterior column of the spine, and has been referred to as an "open book" fracture.
Initial radiological evaluation, however, may reveal minimal changes that can be overlooked by the untrained eye. Radiographic findings on plain x-ray films and CT scans of the cervical spine may include soft tissue swelling in the prevertebral region or distraction in a spondylitic disc space. If there is a question of the presence of an injury, MR imaging typically confirms the diagnosis because it is more sensitive to soft-tissue and anterior longitudinal ligament or disc injury. Additionally, the presence of acute blood products on gradient echo MR imaging in the spinal column will further suggest disruption in the ligaments and soft-tissue structures. These fractures can be quite unstable because the anterior and posterior spinal elements may be involved. Fixation and immobilization may require surgical internal fixation of the spine. Furthermore, physicians should take extreme care of the patient with this fracture, in that they do not respond to external forces as do those with a "normal" spine. These fractures are more like fractures seen in the population with ankylosing spondylitis, in whom the fracture is the isolated motion point between two long, ankylosed lever arms. Manipulation may result in translation of the fracture and a subsequent SCI (Fig. 2) .
Odontoid Fractures
A third type of spinal column injury frequently seen in elderly patients is fracture of C-2 vertebral body, and specifically the odontoid process, such as a Type II odontoid fracture. Again these fractures are the result of a fall with cranial impact. These fractures can result in the odontoid process being displaced either anteriorly or posteriorly. Because the anatomy of the spinal cord places it posterior to the C-2 body and odontoid peg, posteriorly displaced odontoid fractures are more frequently associated with neurological impairment. However, despite the fact that the majority of these fractures are displaced, only a minority (< 6% of acute odontoid fractures) cause neurological deficits, which is probably related to the large canal size at this region of the spine.
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The odontoid peg of untreated Type II odontoid fractures may migrate and can result in acute spinal cord compression, neurological deterioration, intractable pain, and possibly sudden death. Therefore, the overall treatment strategy is aimed at protecting the neural elements while restoring spinal alignment and stability and reducing pain. One technique used to reduce spinal deformity is through the application of cervical traction to reduce the fracture peg. However, in the elderly any type of flexion force may result in further airway edema and impaired respiratory mechanisms, resulting in acute airway obstruction. 15 Another option is rigid immobilization with a halo orthosis; however, as opposed to younger patients, the geriatric population often cannot tolerate this technique due to airway and swallowing dysfunction as well as the significant weight of these devices on their frames. An additional difficulty with this fracture in the elderly is the significant incidence of pseudarthrosis, even despite rigid (halo vest) immobilization techniques. Therefore, many surgeons have advocated rigid internal fixation to promote the highest rates of arthrodesis. Nevertheless, the use of a cervical collar is still an option for older patients, as long as the surgeon and patient are aware that close follow-up is needed to detect any pseudarthrosis.
A definitive treatment algorithm for geriatric patients is unclear, because both primary halo vest immobilization and surgical stabilization have significant morbidities. 5 The limitations of immobilization techniques are illustrated by a significantly lower union rate of < 70%, despite even halo immobilization for the geriatric population. 21 In addition, halo immobilization is poorly tolerated in elderly patients, and has been reported to result in increased rates of the following complications: pneumonia, painful sores, decubiti, pin site cellulitis, pin loosening, swallowing dysfunction, and ultimately mobility impairment. Further studies have reported that the halo vest orthosis causes statistically significant decreases in respiratory function as measured with vital capacity, and that it may potentiate respiratory infections. 20 Geriatric patients tend not to tolerate immobilization in a halo orthosis due to these adverse events.
Geriatric patients with irreducible, grossly unstable fractures or failed/closed immobilization should be considered for internal fixation. In addition, the presence of neurological deficits, polytrauma, and fractures > 6 weeks old are relative indications for surgical treatment. Although the successful arthrodesis and immobilization rate is excellent in 88-100% of odontoid fractures, Type II odontoid fractures have the lowest rate of spontaneous fusion.
1 The majority of the literature on surgical treatment of these fractures has been retrospective, and varied results have been reported, but it does appear that advanced age negatively influences fracture healing. Presently, surgical techniques with fixed cantilever instrumentation in the form of C-1 lateral mass fixation with concurrent C-2 fixation provide solid immobilization. This technique, even in patients with osteoporosis, provides greater biomechanical fixation over earlier techniques, such as Brooke fusions, which fail in rotation and translation (Fig. 3) .
Outcomes
Several trends are apparent when analyzing SCIs and their associated outcome in geriatric patients. One observation is that deaths appear to be increased in the geriatric population.
10 DeVivo et al. 8 reported that the 7-year survival of patients is decreased from 86.7% in the general population to 22.7% in patients with SCIs who are > 50 years of age. In addition, patients with concomitant neuromuscular disorders, which tend to be seen more often in the elderly (that is, Parkinson disease), have also been shown to have worse outcomes.
2 Furthermore, respiratory insufficiency is a common baseline deficiency in the elderly population that becomes a significant factor in the patient with SCI, resulting in an increased morbidity and mortality rate. These factors result in an overall increase in tracheostomy requirements due to decreased vital capacity, compliance, reserve volumes, and muscular ability protect the airway. 15 Regarding neurological recovery and independent living status, rehabilitation produces gains in activities of daily living comparable to those seen in younger patients, 17 but elderly patients unfortunately achieve less objective neurological recovery and independent walking. 7 Although the rehabilitation focus is more toward achieving functional independence and not necessarily toward regaining the ability to walk, immobility is not a benign process. Immobile patients are predisposed to osteoporosis, fractures, decubiti, and bone demineralization. Venous thromboembolism is yet another concern, because older patients may have additional risk factors such as a sedentary lifestyle and hypercoagulable states (that is, malignancy), producing an overall 5-10% increase in the risk of clinically detectable pulmonary emboli. Other potential morbidities include increased paralytic ileus; peptic ulcers, which may go unnoticed as elderly patients often will not complain of pain; and constipation, which is more common in the elderly at baseline and is further exacerbated by immobility and decreased intake of fiber and fluid during recovery. 29 In addition to the fact that these conditions are more prevalent in the elderly, they are also more difficult to manage in this population. For example, loss of bladder control is more common in older patients after an SCI. However, they have more difficulty in adjusting to intermittent catheterization due to diminished hand coordination, tactile sensation, and comorbidities such as prostatic hypertrophy.
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Not all adverse consequences of SCIs are detrimental. Spasticity may have some potential benefits, including increased muscle bulk and tone, decreased osteoporosis, and the ability to ambulate and stand. 29 This is balanced, however, with the adverse effects of spasticity, which include interference with transfer, wheelchair ejection, muscle pain, joint contractures, and interference with perineal care (in the case of adductor spasms). Furthermore, present treatment modalities for spasticity have significant side effects. The most used medications are baclofen and diazepam, but each can result in sedation and lethargy, which may predispose the patient to more falls and injuries. An additional agent, dantrolene, carries a significant risk of hepatitis. As with surgical treatment, these long-term medical management options must balance potential benefits against potential adverse side effects.
Conclusions
Spinal cord injuries in the elderly population are common, and have been increasing in incidence as the population ages. Consideration of the unique origins, management issues, and outcomes for injury in geriatric patients is mandated by concern for their quality of life and increasing cost to society. Because a high proportion of these injuries are incomplete SCIs and patients are often able to recover good function, striving for ideal management specific to this patient population can significantly impact patient care. However, the geriatric patient with a spinal fracture is significantly different from other adult patients with spinal fractures; thus, these populations should be stratified and considered separately in analysis of treatment pattern and outcome.
